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Abstract
Problem-based learning (PBL), which is a learning method in small collaborative groups to learn what they need to know in
order to solve a problem, is the more recent and highly regarded. For meaningful discussions about in a PBL situation, it
is important to support and manage a conversation among participants. In this paper, we propose a consensus-building and
management system using tablet terminals for an eﬀective discussion. In our system, each participant generates a discussion
map which consists of nodes and links between them about the discussion. Our system computes a correspondence measure
between discussion maps of each participant, understands the state of the discussion and supports the consensus-building. We
validate the eﬀectiveness of the system using the discussion map experimentally.
c© 2014 H. Takagi and K. Shimada. Published by Elsevier B.V.
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Keywords: Tablet terminal, Discussion map, Understanding level, Conversation management, Consensus-building
1. Introduction
Problem-based learning (PBL) is the more recent and highly regarded. In PBL, students work in small col-
laborative groups and learn what they need to know in order to solve a problem [1]. The target of our research is
the PBL environment. Several researchers have proposed collaborative learning support systems and approaches
based on constructive interaction [2, 3]. Discussion among participants has the most important role in the envi-
ronment. However, discussion among only participants, namely learners such as students, tends to not become
exhaustive discussions. It leads to the failure of the discussion. To conduct smooth, active and productive dis-
cussions, we need a facilitator who expedites the proceedings. However, it is considered impossible to assign a
facilitator to each group in the PBL environment because of lack of human resources.
The goal of our study is to construct a system that supports consensus-building and management of conversa-
tion for high-quality discussions. To understand the state of the discussion, many approaches exist, such as posture
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A digital facilitator system based on discussion maps
Fig. 1. Outline of our system.
recognition based on sensor [4] and an analysis of nonverval cues [5]. Here we focus on tablet terminals as an
input tool for discussions.
In this paper, we propose a prototype system for collaborative learning with tablet terminals. Our system es-
timates the understanding level of each participant in a discussion. The understanding level in this paper denotes
a correspondence degree of each participant’s concept in a conversation. For the purpose, we propose the discus-
sion map which consists of nodes and links among nodes constructing by each participant. Our system computes
a correspondence measure between discussion maps of each participant, understands the state of the discussion.
Figure 1 shows the outline of our system. The ﬁnal goal of this study is to develop a digital facilitator system based
on the discussion maps. By using the understanding level of each participant, the system can provide them with
feedback. For example, if the discussion maps contain a common characteristic, the system can make a proposal;
“More discussion about XXX.” As another example, if the discussion map of a participant diﬀer from those of
other participants, the system can explain the problem to the participant; “You might not understand about XXX.”
This paper is the ﬁrst step for the digital facilitator system, namely understanding level estimation using discussion
maps.
2. Related work
Utilizing graph structures, such as a concept map, is one of the most eﬀective approaches for education sup-
ports. Villalon and Calvo [6] have reported a deﬁnition and a framework for its evaluation for concept map mining.
Yamasaki et al. [7] proposed the Kit-Build method based on a concept map. The purposes of these studies are to
extract a concept map automatically or to compare the goal map and learner map. On the other hand, our purpose
is to manage the states and estimate the understanding level of each participant in a discussion.
Suzuki et al. [8] have proposed a collaborative learning tool using tablet terminals, XingBoard. It allows users
to move post-it like idea cards from one terminal to other. Masukawa [9] has proposed a web-based notebook
for collaborative learning. Totoya et al. [10] have also proposed a web-based tool for logging and structuring
discussion simultaneously. The purpose of these studies is to construct a framework to support the discussion
environment. On the other hand, the goal of our study is to develop “a digital facilitator” based on a computer and
support multi party interaction itself.
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Fig. 2. Example of discussion map.
3. Discussion map
The editor of the discussion map works on a tablet terminal. Users can intuitively construct a discussion map
with touch panel operations. The discussion map is a graph consisting of some nodes and links among them. Users
generate a node, and connect it to another node with a link. Nodes on a map have some states in a discussion.
Concluded topics are expressed in green on the map. Black nodes denote non-completion in the discussion. Blue
nodes are terminations of each topic. Users can change the color of each node anytime. In addition, users can
provide complementary information about each node.
Nodes on the discussion map have two roles; public nodes and private nodes. Public nodes are shared in all
participants. If a participant add a node as a public node, the node is displayed on the discussion maps of each
participant. However, the link information is not shared. Each participant can freely connect the new node to
another node. Therefore, the ﬁnal discussion maps of each participant diﬀer. On the other hand, private nodes are
not shared on the discussion maps. If a participant add a node as a private node, the node is displayed on only the
discussion map of the participant. By using private nodes, a participant can expand his/her own idea to the own
discussion map.
Figure 2 shows an example of a discussion map about the campaign to host the Olympics. In the ﬁgure, the
nodes “Budget” and “Nuclear accident” denote that they have been concluded in the discussion because their
color is green. For example, the node “Logo problem” is not still discussed and has a possibility to expand to
subtopics because it is black and a temporary termination. The node “High approval ratings” implicates that it
is not discussed in depth because it is in black while the parent node “Istanbul” is non-completion. The node
“Inappropriate remark” is a private node for the participant that constructed this map. Therefore, this node does
not appear in other participant’s discussion maps. On the basis of this map, we can understand that this participant
think that the discussion about Tokyo is over although another participant may think that the topic is ongoing. On
the other hand, he/she has a concern about an inappropriate remark of the Tokyo governor, and dare not speak to
other participants.
We implement the discussion map system as a Web application. Participants generate discussion maps by
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Fig. 3. Private nodes in each discussion map.
using a Web browser in their discussion. We use PHP and MySQL for the implementation. We also use CreateJS1
to create the graphs on the discussion map and JQuery2 for the asynchronous communication. If a participant
creates a node or edits a node, the information, such as the operation, time and the participant ID, is sent to the
server that manages all information about the current discussion maps.
Figure 3 shows a snapshot of two discussion maps by two persons about “a design of an online shopping
system”. One person imagines aﬃliate advertising as the function of the system and another imagines recommen-
dation functions. The private nodes of a person are not displayed on the discussion map of another person.
4. Understanding level estimation
In this section, we explain a understanding level estimation method using the discussion maps. As mentioned
in Section 3, each discussion map contains the same nodes. However, the connection between nodes, namely the
graph structure, depends on each participant. We focus on the diﬀerence of the connections for estimation of each
participant’s understanding level. We calculate a correspondence measure from discussion maps.
First, we treat two discussion maps. The correspondence value of a public node between a map Xi and Xj is
calculated as follows:
CorridXiX j =
2 × S ameNum
TotalNum
(1)
where id is the unique ID of each public node. S ameNum denotes the number of links that connect the same nodes
in Xi and Xj. TotalNum denotes the number of links of public nodes in Xi and Xj. Private nodes are excluded
from the calculation because they exist only in each discussion map.
We explain the calculation process with an example which is shown in Figure 4. In the ﬁgure “Public1-5” are
public nodes and “Private1” is a private node of the participant B. Here we calculate the correspondence value of
Public1. For the map A, the Public1 contains the links with the Public2, Public3 and Public4. For the map B, the
Public1 contains the links with the Public3, Public5 and Private1. The intersection of them is 1, namely Public3.
Therefore, S ameNum is 1. The union of them which exclude private nodes is 4, namely Public2-5. We add the
target node, namely Public1, to the union. As a result, TotalNum is 5. Therefore, the correspondence value of
Public1 is 2×15 = 0.4. We calculate the correspondence values of all nodes of all participants in the same way.
The correspondence value is just a measure between two maps. It is not a measure among all participants in a
discussion. Therefore, we need to expand to a measure for all participants. Here we introduce a node value based
1http://www.createjs.com
2http://jquery.com
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Fig. 4. Node correspondence in two maps.
Fig. 5. Situation of discussion with tablet terminals.
on the correspondence value CorridXiX j . The node value of a public node among all participants is calculated as
follows:
ULidXi =
∑N
j=1, ji Corr
id
XiX j
N − 1
(2)
where N is the number of participants.
The range of UL is 0 to 1. If the discussion map of one participant diﬀer other participants, the variance of
UL increases. This situation denotes fear that the participant has understood little about the meaning or purpose
of the node as compared with other participants. If the discussion map of each participant is badly organized, the
average of UL decreases. This situation denotes fear that they have no consensus on the node. Therefore, we treat
the average and variance of UL as measures of understanding level of a participant that generates the map Xi.
5. Evaluation
In this section, we evaluate the discussion map system and the understanding level estimation in a qualitative
manner. We analyzed a group discussion with our system. The number of participants was 4 persons and the
topic of the discussion was “a design of new social networking service”. Each participant created the discussion
map on each tablet terminal while talking. There were no limitations in the discussion. The main content of
the conversation was utterances about the topic. In addition, chats, which were not relating to the topic, and
the connection between nodes occasionally were uttered. Figure 5 shows the situation of the discussion. As a
rough indication, we set the discussion time to 30 minutes. The end of the discussion was the situation that all
participants agreed that the discussion was ﬁnished. We did not instruct any rules about what should be expressed
in the discussion as a node.
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Table 1. Node values UL for each participant.
Node name A B C D Average
System 0.86667 0.75556 0.75556 0.86667 0.81111
Function 0.90909 0.90909 0.72727 0.90909 0.86364
Database 0.63704 0.46296 0.63704 0.70000 0.60926
Tweet 0.83333 0.83333 0.50000 0.83333 0.75000
Community 0.66667 0.66667 0.00000 0.66667 0.50000
Image 0.44444 0.55556 0.00000 0.55556 0.38889
Friend function 0.88889 0.88889 0.66667 0.88889 0.83333
Account info. 0.68939 0.27381 0.73160 0.73160 0.60660
Date of birth 0.66667 0.00000 0.66667 0.66667 0.50000
ID 0.66667 0.00000 0.66667 0.66667 0.50000
Password 0.66667 0.00000 0.66667 0.66667 0.50000
Account search 0.66667 0.88889 0.88889 0.88889 0.83333
Hometown 0.66667 0.00000 0.66667 0.66667 0.50000
Matching 0.66667 0.66667 0.00000 0.66667 0.50000
Table 2. Variance of node values UL for each participant.
Node name A B C D
System 0.00309 0.00309 0.00309 0.00309
Function 0.00207 0.00207 0.01860 0.00207
Database 0.00077 0.02140 0.00077 0.00823
Tweet 0.00694 0.00694 0.06250 0.00694
Community 0.02778 0.02778 0.25000 0.02778
Image 0.00309 0.02778 0.15123 0.02778
Friend function 0.00309 0.00309 0.02778 0.00309
Account info. 0.00685 0.11075 0.01563 0.01563
Date of birth 0.02778 0.25000 0.02778 0.02778
ID 0.02778 0.25000 0.02778 0.02778
Password 0.02778 0.25000 0.02778 0.02778
Account search 0.02778 0.00309 0.00309 0.00309
Hometown 0.02778 0.25000 0.02778 0.02778
Matching 0.02778 0.02778 0.25000 0.02778
The discussion map consisted of 14 nodes. We calculated the node value (UL), which we regard as the
understanding level, described in Section 4. Table 1 shows the UL values of each participant and each node and
the average values. Table 2 shows the variance of the UL values. In these tables, A, B, C and D denote the
participant’s names. We extracted high variance values in Table 2, and integrate them as Table 3. In the table,
we handled Node “ID”, “Password”, “Hometown” and “Date of birth” as “Personal Info.” because the links of
these nodes for all participants were same. After the discussion, we carried out a questionnaire survey. The
questionnaire items were
Q1. please list the ambiguous understanding nodes that you think.
Q2. For some nodes, please explain the nodes. Here we selected the nodes in a subjective manner. They were
based on the value of UL and the constructed discussion maps.
The answers about Q1 are shown in Table 4.
First, we discuss the ﬁrst question Q1. We compared Table 3 and Table 4. For participant A, all the nodes
in Table 4 were contained in Table 3. Similarly, one of two for participant B (Account info.), one of two for
participant C (Community) and two of three for participant C (Matching and Image) were contained in Table 3. In
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Table 3. Nodes with high variance for each participant.
A
Node name Variance
Community 0.02778
Account search 0.02778
Matching 0.02778
Personal info 0.02778
B
Node name Variance
Personal info. 0.25000
Account info. 0.11075
C
Node name Variance
Community 0.25000
Matching 0.25000
D
Node name Variance
Community 0.02778
Matching 0.02778
Image 0.02778
Personal info. 0.02778
Table 4. Ambiguous understanding points for each participant.
A B C D
Community Account info. Friend function Friend function
Matching Tweet Community Matching
Image
total, the six nodes of the nine nodes with high variance were suitable selection. The result shows the eﬀectiveness
of the UL values for the understanding level estimation.
Next, we discuss the second question Q2. We focus on the node “Image” that is the lowest UL. For the node
“Image”, three participants (A, B, D) answered that it is a kind of attachment to tweets or blog entries. On the
other hand, one participant (C) answered that it is content of a image-centric SNS such as pixiv3. It is at variance
with the concept of three participants. As this result shows, UL may be useful to detect situation that participants
could not build consensus. On the other hand, there is no signiﬁcant diﬀerence about other selected nodes. We
need to consider the computation and usage of UL in future work.
UL was partly eﬀective for the estimation of some kind of understanding level. However, nodes with high UL
often contained non-related nodes to estimate the understanding level. Therefore, it is not enough to obtain high
accuracy with only the proposed method. One reason that nodes with high UL contained non-related nodes was
that there were no rules for connecting nodes. In consequence, it was dependent on individual skills and ways.
To solve this problem, we need to consider the manual for the discussion map. Moreover, we used only nodes
and links for the estimation. Our system captured the time that nodes were connected and each operation with the
person ID. By utilizing these information, we can obtain more high accuracy.
6. Discussion and conclusions
In this paper, we proposed a prototype system for collaborative learning in the PBL environment with tablet
terminals. We introduced the discussion map which consists of nodes and links among nodes constructing by
each participant. Our system estimated the understanding level of each participant in a discussion on the basis
of the discussion map. We evaluated our system with a group discussion by four participants in a qualitative
manner. The average and variance of the estimated values were partly eﬀective for the estimation of some kind of
understanding level.
In a preliminary experiment, we analyzed the discussion maps that each participant created. The discussion
maps contained several private nodes. Some participants said “private nodes are eﬀective for solo reﬂection
about content that dare not speak to other participants” in a questionnaire after the preliminary experiment. In
3http://www.pixiv.net
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addition, intuitive construction of a discussion map with touch panel operations received favorable comment
although operations, such as addition of a node, spent a little more time. The improvement of the input interface
is one important future work for more comfortable operations.
In this paper, we handled only the correspondence of public nodes. However, private nodes possess the impor-
tant role to realize active discussion because they are unknown information for participants without a participant
crates the nodes. If the digital facilitator, namely our system, can oﬀer some feedback based on the related informa-
tion about private nodes to the discussion, it leads to productive discussions. Maintaining the highly-conﬁdential
information as private nodes and activating the discussion are the most important future work.
In addition, the understanding level in this paper was based on the correspondence of discussion maps. In
other words, it is a majority view in a discussion. However, a minority view in a discussion might be important
for a good discussion. We need to consider this point in future work.
Our system in this paper handled only link information between nodes. However, links often have a meaning,
such as a parent-child relation. Currently, we are developing an extended version of the discussion map system,
which can handle the relation of nodes. The evaluation of the new system is also important future work.
There are no limitations to construct discussion maps in our current system. Participants understand what
nodes express in the discussion because the nodes are common and are created from the conversation in the
discussion. On the other hand, the links depend on each participant. The same idea of two participants are
sometimes expressed by the diﬀerent link relations. In other words, the way of linking is dependent on individual
thoughts. Therefore, we need some rules for the construction of discussion maps. It is the most important future
work.
The input for estimating the discussion state in the current system is the discussion map from tablet terminals.
However, conversations contain many characteristics; verbal and nonverbal information. We have proposed image
based approaches for interpreting conversation situations, such as posture recognition [11] and cooperative level
estimation of a pair work [12]. In addition, we have reported a hot spot detection method using laugh information
in conversations [13] and a conversation summarization method based on machine learning and a scoring method
[14]. Integrating our discussion map system with these studies, namely a multi-modal interpretation approach, is
one interesting future work.
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